Collagen-silica hybrid materials: sodium silicate and sodium chloride effects on type I collagen fibrillogenesis.
Collagen-silica hybrid materials have been considered for potential biomedical applications. Understanding of the collagen-silica interactions is the key to control hybrids structure and properties. For this purpose, the effect of sodium silicate and sodium chloride addition at two concentrations, 0.83 and 10 mM, on the kinetic of the type I collagen fibrillogenesis at 20 degrees C, and pH 7.4 were studied. Absorbance profiles of fibrillogenesis experiments were collected together with measures of silicic acid concentration and transmission electron microscopy analysis. The specific effect of silica addition on the collagen fibrils self-assembly mechanisms was demonstrated by comparison with the sodium chloride. Sodium silicate at 10 mM inhibited the collagen fibrillogenesis. At the same concentration, the sodium chloride decreased the rate of the collagen fibril assembly. Collagen fibrillogenesis kinetic was not significantly disturbed by the presence of 0.83 mM of sodium chloride. However, the same concentration of sodium silicate modified the collagen fibrillogenesis kinetic. Transmission electron microscopy indicated for experiment with 0.83 mM of sodium silicate, the formation of longer and wider fibrils than for the equivalent collagen fibrillogenesis experiment with sodium chloride. The effect of sodium chloride is explained in terms of osmotic exclusion and influence on electrostatic interactions between collagen fibrils. The specific involvement of silicic acid in collagen helices hydrogen-bond interactions is suggested. Finally, the results of this study are discussed regarding the preparation of composites by co-gelation of type I collagen and sodium silicate, for potential application as bone repair device.